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REGULATORY PEPTIDES, AND PROCESSES FOR THEIR PREPARATION 



The following statement is a full description of this invention, including the best method of performing it known to :• u 5 



1. 



* - 2 - HOE 33/F 152 

The invention relates to a formulation, which can 
be implanted, of regulatory peptides and of analogs 
thereof with protracted release, and to processes for the 
preparation of the i replants. 
5 It has already been reported that, during in 

vitro e xper i ment s, the active compound is released slo«;ly 
f roir, matrix tablets containing 7-hydr o xye t hy 1 1 h eophy I L i n e, 
as the active compound, and po ly-D (-} -3-h y d r o xy bu t y r i c 
acid, as the biologically degradablc carrier material 
10 (Pharm. Ind. £5, pages 525-527 (1983)). 

It has furthermore been reported that the pep- 
tides are released slowly from medicaments containing 
peptides as the active compounds and biodegradable poly- 
mers as carrier substances. The carriers are chiefly 
15 synthetic polyesters of lactic acid and copolymers of 
lactic acid and glycolic acid (c.f. for example, Euro- 
pean Patent Applications publication numbers 0,052,511) 
and 0,053,4S1) and - synthetic amino acid polymers (c.f. 
U.S. Patent 4,351,337). The disadvantage of synthetic 
20 polymers is that residues of the polymerization cotelyst 
must be reckoned with. Such residues are undesirable in 
medi cedent s, especially in implants. 

It has now been found that naturally occurring 
polyhydroxybutyric acid is suitable as a carrier for 
25 pept ids-containing inplants from which the active corn- 
pound is released in c protracted manner. 



The invention thus relates to ircplants containing 
regulatory peptides cr analogs thereof as the active con- 
pounds and naturally occurring po ly-D- C-> -3-hyd roxybu t y- 
ric acid *'PHB> of the formula 



H0-CK-CK o -C0(0-CH-CIU-C0-) C-CH-Crl^-COOK 

CH 0 CH 0 GH 

5 5 5 



in which n represents a nuRbery bc tuecf> 500^»^q- 2 S / 0l)0 / 0 3 
the biologically d e g r 3 d e- b I e carrier. 

In the statements nade above and below, "pep- 
tides" mean? regulatory peptides and analogs thereof, as 
well as physiologically acceptable salts thereof.. 

The invention furthermore relates to processes 
for the preparation of implants containing regulatory 
peptides or analogs thereof as active compounds, which 
cotnp rise 

1. dissolving the active compound in a low-molecular 
alcohol which has 1 to 4 carbon ator.s and is optionally 
substituted by up to 3 fluorine atoms or in water or in a 
mixture of these solvents, nixing the- solution ;;ith the 
po ly-D- (-) -3-hyd roxybu ty r i c ?cid, drying the moist mate- 
rial and p r a s s i n g the product, cr 

2. dissolving the pc ly-r* C-) ~3-hydro>:yfcu ty r i c acid in 
a halogenated aliphatic C-j -C A -hydroc a rbon,- nixing the 
solution with a solution of the active compound in a low- 
molecular alcohol which has 1 to 4 carbon eto^s end is 
ootionally substituted by up to 3 fluorine atoms, sub- 
jecting the resulting solution to spray-drying and 



pressing the dried cottonwool-like material, or 
3. dissolving the poly-D C-)-3-hydroxybuty ri c acid in 

a halogenated aliphatic C^-C^hydrocarbon, suspending 
the active compound in this solution, pouring the suspen- 
5 sion onto a suitable- substrate, for example into a glass 
dish, evaporating off the solvent and, if appropriate, 
dividing up the resulting film into pieces of suitable 
size. 

The resulting pressed pieces or films can be 

10 ground and divided into various particle sizes by sieving. 
The solid shaped articles can be in-planted cS ouch or, 
after prior comminution, injected in the forrc of 
suspensions. 

The regulatory peptides (naturally occurring, 

15 synthetic one ssmi-synt het \ c) r which can also 'o^ used in 
the form of salts, are soluble in water and low -molecular 
alcohols which are optionally substituted by fluorine. 
Possible alcohols are, in particular, methanol and tri- 
f luoroe t hano I „ Particularly suitable solvents for the 

20 PH8 are fluorinated and chlorinated hydrocarbons, such as 
methylene chloride, chloroform and 1 ,1 ,2-t ri ch loro-1 ,2,1- 
t r i f luoroet hane, methylene chloride end chloroform being 
especially suitable- 

The PHB is synthesized by bacteria, such as, for 

25 example, by Alcaligenes eutrophus . It is obtained in the 
form of small globules in the bacteria and can be greatly 
increased in concentration by corresponding conditions in 
the bacteria and easily isolated therefrom (c.f« Pharma. 



Ind. 45^ pages 525-527). Each unit of PHB consists of 
optically pure D- (- ) ~3-hy dro xy but y r i c acid. 

Biological degradation of PHB in vivo proceeds 
relatively slowly and contributes little to the release 
5 of an active compound from an implant. The release is 
chiefly controlled by the surface of the implant and the 
amount of active conpound contained therein. If very 
small err.our. ts of e peptide are to be released for a rela- 
tively long tine, an i meant with a small surface area and 
10 a low peptide content, for ex an pie in the form of pressed 
pieces, is advisable. The release from the pressed piece 
can be further reduced by coating the irnplaot completely 
or partly with a layer of PHB or other biologically 
degradable polymers, such as polylactic acid or- polylac- 
15 tic a c i d/pc lyg ly co I i c acid copolymers or with polymers 
such as ethylcellulcse, polyCmetlOacrylic acid deriva- 
tives or polydinethylsiloxanes. 

An essentially uniform release of peptides for up 
to one year can be achieved with such impants. The i m - 
20 plants can easily be removed 'by operation, if the treat- 
ment is to be discontinued. 

Whilst the implantation tablets prepared accord- 
ing to method 1 release a relatively constant amount of a 
regulatory peptide from the start, the implants obtained 
25 according to method 2 release a relatively large an<cunt 
of peptide in the first days and then release constant 
small amounts. Good adaptation to the desired pattern of 
release of the active compound is thus possible with the 
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implants according to the invention. 

These slow rates of release are surprising when 
compered with the rates of release of obout 40 days,, 
which in contrast are rapid, obtained with the copolymers 
5 of lactic acid and glycolic acid (c.f. European Patent 
Application publication number 0,058,481), 

Very small tablets or other small shaped articles 
throughout which the entire dose is distributed ore suit- 
able as implants for shorter release tir.es. As a result 
10 of the substantially larger surface area which a largo nun 
ber of medicinal carriers have in cor-p-r r i son with a 
single shaped piece, the relecre is more rapid. Snail 
particles which can be prepared by conn : .'i nut i on of tab- 
lets and films are preferred. They can be injected, 
15 after suspension in a suitable i/i e d i u i» . The particle size 
should not exceed a particular value h ": r c and is advan- 
tageously in the r a . . g e from 0.1 to 200 pm . 

Physiological saline solution in which,- for 
example, 1 % of hydro xypropylmsthylcellu lose ( h e t h o c e I R 
20 £5), carboxymethy Ice I lu Lose (Blanose V ' 7LF) or polyethy- 
lene glycol sorbitan roiios tea rate CTween ^ 20) is dis- 
solved can be used for suspension and injection of the 
particles. 

Regulatory peptides are endogenous peptides which 
25 have a physiological action, they are also called peptide 
hormones, which, depending on the site of synthesis or 
release, are classified into, for example, peptide hor- 
mones of the hypothalamus, of the pituitary gland,, of the 



gastrointestinal tract or of the thyroid gland. This 
classification is inappropriate today, since it is known 
that the so-called peptide hormones are not produced only 
at one site in the body and, in addition to their endo- 
5 crine mode of action, can also act in a paracrine or 
neurocrine nsnner. 

Classification of t \ i c s c peptides according to 
indications is also inappropriate, since they c £ o develop 
the most diverse therapeutic activities, depending on the 
10 site of action and the dose. 

Examples cf representative regulatory peptides 
which the implants according to the invent ion can contain 
are oxytocin, vasopressin, thyroliberin the anorexigeni c 
peptide, g on a do I i be r i n, calcitonin, parathormone the 
1 5 epidermal growth factor, secretin the vasoactive intes- 
tinal peptide, somatoliberin the g a s t r i n - i n h i b i t i n rj or 
glucose-dependent i nsu t i not rop i c peptide, glucagon the 
pancreatic spasmolytic peptide, sonatostatin, bombesin 
the ga s t r i n- r e I e a s i ng peptide, n.otilin, n cut rot ens in, 
20 substance P, sauvagin, corticoMberin, u rot ens in I and 
II, angiotensin I ?nd II, bradykinin, c o r t i c o t r op i n, 
encephalins, dynorphin, dermophin, casomorhins, gastrin, 
cholecystokin, cerulein, thymus factors, interferons, 
insulin, growth hormone end prolactin. 
25 The highly active analogs of go na do liber in, such 

as, for example, CD-Ser (Su t > 6 3gonado I i be r i n- (1 -9) nona- 
p ept i de-e t ny I am i de (buserelin, Drugs of the Future 
1979, pages 175-77, 3, 1953, page 254), CE>-Trp 6 3 



gonadol iberi n (Drugs of the Future Z_, 1978, pages 645- 
646) , CD-Trp^jgonadoliberin(1-9)--nonapeptide-et;iylcfnide 
(Drugs of the Future 7_, 1982, pages 637-642), CD-Leu 6 3 
gonadoliberin(1-9)-nonapeptide~ethylarriide (Drugs of the 

5 Future 7, 1982, pages 882-886), C D - S e r ( Bu* ) 6 , AzaGly 1( V 
gonadoliber in (Drugs of the Future 15, 19C0, pages 191-192; 
8, 1983, pages 364-365), CD-Trp 6 , N-MeLeu 7 D gona do I i be r i n~ 
(1 -9) -nonapept i de-et hy L ara i de (Drugs of the Future 8, 1983, 
pages 347-3 50), CD-^-am i no a di ip i c acid <£- 1 e r t • ~bu t y I 

10 ester^] gona do L i be r i n- (1 - 9) - non apep t i de~ e t : h y L a m i de ( G t- r n a n 
Of f enlcgungsschrif t 3,020,941 ), L D-Ly s ( Bo c ) 6 3 gonsdo L i be r i n 
(1-9)-nonapeptide-ethylaraide (German Patent 2,438,350), 
CD-3-(2,4,6-trimethylphenyl)-Ala^3 gonado li beri n and 
ED-3- (2-naph t hy l> -A L 3 gona do I i be r i n (J. Red. Cher... 2 f> , 

15 1982, pages 795-801), are of particular importance. 

In a high dosage, these peptides reduce the 
plasraa Levels of Lutropin and foil i tropin and hence those 
of the gonadal steroids testosterone and o estradiol. 
These derivatives can therefore be used for ho r n on e ~ 

20 dependent tumors, such as, for example, carcinoid of t»;e 
prostate or of the breast, and also for en dome trios is and 
pubertas preacox in children* Continuous uniform release 
of the active compound is particularly important for this 
therapy. With the forrnu^ation according to the invention, 

25 the necessary amount of the active compound, which would 
otherwise have to be administered parenteral Ly or intra- 
nasal I y 2-3 times daily, can be released for weeks or 
months with a single administration. Use on older persons 
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and children is thus particularly safe from adni nistra- 
tion errors (compliance). 



tc the invention is' the protracted release of somatostatin 
5 and somatostatin analog s, which can be used in all cases 
where s o m a t o s t a t i n infusions exhibit an a d v a r. t a g e o u s 
effect; for example for hemorrhages of the gastrointes- 
tinal tract, for gastric ulcers, for the treatment c f 
tumors which produce hormones which can be inhibited by 

10 sott a tost at i n, such as, for example, for Z o I I i no e r- E I I i £ c n 
syndrome or Verner-Korrison syndrome, or for turgors which 
produce insulin or glucagon, for ho r in one- depend en t tutors, 
if the corresponding h o r in o r i e s c a n be i i i !•, i b i led b y s o u\ ©to™ 
statin, for certain types of 1 e u k e n i f. , for metcboli s;n d 1 s - 

15 orders with increased hormone levels which con be inhibi- 
ted by sorittost at. i n, such as ; for excnple, rheumatoid 
arthritis, where the plasma insulin and growth iiorr;,one 
are too high, for a c r o me g a I y or psoriasis,- for Diabetes 
irt e 1 1 i t u s (inhibition c f glucagon), for chondrosarcoma and 

20 for states of shock. 



Ano her important use of the formulation according 



H i g h I y active 



analoQs of son 



a t o z t a t i n are c o t n 




5-F-D-irp, cr shortened cyclic c orcpeund s , 



such a s f 



for 



example, 



25 




(Nature 292, 19S1, page 55) or 
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I : I 

H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thp-ol 

(Life Sci. 31_, 1982, pages 1,133-1,140). 

Therapy of upper gastrointestinal hemorrhages wit 
secretin infusions can also be simplified by the neo- 
galenical formulation. 

The ratio of active compound to carrier material 
5 can vary within wide limits. Since the peptides are 

administered in Low dosages, the amount of carrier noto- 
rial in the implants is relatively high (for example 
100 : 1 to 10,000 : 1) . 
E x a m pie 1 : 

10 2.5 g of P H B were moistened with a methsr.o I i c 

solution containing 2*87 5 ng of buserelin acetate (cor- 
responding to 2.5 ng of buserelin) and mixed thoroughly. 
The moist material was dried in vacuo, with shaking. The 
procedure was repeated several times with pure methanol. 

15 The dry mixture was pressed to tablets (implants) weigh- 
ing 50 mg and containing 50 ug of buserelin* 
Examp le 2 : 

2.875 mg of buserelin a c t * t e (corresponding to 
2.5 no of buserelin) were dissolved in 30 in I of methanol, 
20 and 2.5 g of PHB were dissolved in 7 0 ml of chloroform. 
The two solutions were combined and subjected to spray- 
drying. A flaky powder was obtained, from which tablets 
weighing 50 mg end containing 50 ug of buserelin were 
pressed. 
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Exarcp Le 5 : 

The pressed pieces prepared under Example 1 or 2 
were micronized. The resulting particles were divided 
into particle size ranges up to about 200 ^jm by sieving. 
5 The fractions were suspended in physiological saline solu- 
tion with 1% of carboxyRiethylcsllulose in a concentration 
of 50 mg/nl for injection. 
E xample 4 : 

2.5 g of PHB were dissolved in 2 S g of chloroform. 

10 287.5 rr.g of buserelin acetate (corresponding t c 250 rag of 
buserelin) were suspended in this solution. The suspen- 
sion was poured into a Petri dish. The solvent was 
allowed to evaporate slowly- A film was formed, and 
divided into flakes 1 cm^ in size, containing cbout 5 tfg 

15 of buserelin * 
Exanp le 5 : 

Biologic a I t esting cjr the f o r mula tio \js or. rats 

Tv:o ire-plantation materials of PHD and a copolymer 
of lactic acid and glycol i c acid (Pub) of identical 

20 weight and size which had been prepared analogously to 
Example 1 were investigated,, The materials were tested 
on adult rats weighing 4C0 g, toe euount of peptide 
released each day being determined by pharmacokinetic 
detection by ;neans of specific r a d i o i vi r.iu no a s s a y r In the 

2 5 case of the PHB iispLant, a release of 0,203 + 0,038 ng of 
buserelin per day was found. In contrast, a release of 
1.075 * 0.029 ng of buserelin/ day was found for the PLG 
implant. The t ot a I *du r a t i on of the release of the peptide 
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was calculated from the cumulative rate of release. It 
is 221 + 29 days for the PHS implant and 46. 5 £ 1.2 days 
for the PLG implant- The PRB implant material is thus 
considerably more suitable for long- term release of pep- 
5 tides than the copolymer of lactic acid and glycolic 
acid (50:50) used for comparison. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FULLUWS: 

1. An implant containing a regulatory peptide or one 
of its analogs as the active compound and natural ly 
occurring poly-p(-)-3-hydroxy butyric acid of the formula 

KO-CH-CH^-CO-(0-CH-CK. -COO O-CH-CH 0 -CGOH 
H CH, " CH, 

J> -> J 

in which n rep re sen is a n u mb e r [ h o t w o c-n ■ 5 0 0 Ja n d - 2 5 , 0 0 G , as 
the biologically degrariable carrier. 

2 . Implant as claimed in c I a i tn 1 , \/ h i c h contri^s 
buserelinCacetate) as the active compound. 

3 . A process for the preparation of a n implant as 
claimed in c I a i rn 1 , which c o rap r i s e s 

1 • dissolving the active compound in a L o w t. o I e c u L a r 

alcohol which has 1 to A- carbon atoms and is optionally 
substituted by up to 3 fluorine atoms or in water or in 
a mixture of these two solvents, mixing the solution 
with the po ly-D- (-) -3-hydrcxybuty r i c acid, drying the 
moist material and pressing the product, or 

2. dissolving the po ly-D (-) ~3-hyd roxybuty ri c acid in a 
halogenated aliphatic C^-C^- hydrocarbon, mixing the 
solution with a solution of the active compound in a 
low-molecular alcohol which has 1 to 4 carbon atoms and 
is optionally substituted by up to 3 fluorine atoms,, 
subjecting the resulting solution to spray-drying and 
pressing the dried material, or 

3* dissolving the poly-D (-)-3~hydroxybuty ri c acid in 
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a halogenated aliphatic C-j -C^hy droca rbon, 
suspending the active compound in this solution, 
pouring the suspension onto a suitable substrate, 
evaporating off the solvent and, if appropriate, 
dividing up the resulting filrc into pieces of suitable- 
size, 

4. The process as claimed in claiM Z, wherein the 
pressed piece or f i I o is comminuted in a further step and 
suspended in a solvent suitable for injection purposes - 

5. The process as claimed in clain 3, wherein the 
active compound is dissolved in methanol. 

6» The process as claimed in c I a i -r. 3, v;hcrein the 

carrier substance is dissolved in chloroform, 
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Complete Specification for the invention entitled: 

PHARMACEUTICAL PRODUCTS WITH PROTRACTED RELEASE WHICH CONTAIN 
REGULATORY PEPTIDES, AND PROCESSES FOR THEIR PREPARATION 



The following statement is a full description of this invention, including the best method of performing it known to :• u s 



1. 



* - 2 - HOE 33/F 152 

The invention relates to a formulation, which can 
be implanted, of regulatory peptides and of analogs 
thereof with protracted release, and to processes for the 
preparation of the implants. 
5 It has already been reported that, during in 

vitro experiments, the active compound is released slo-.ly 
f ro*r. matrix tablets containing 7-hydroxyethyltheophylline, 
as the active compound, and pc ly-D (-} -3-h y d r o xy bu t y r i c 
acid, as the biologically degradable carrier material 
10 (Pharrc. Ind. 45., pages 525-527 (1 983)). 

It has furthermore been reported that the pep- 
tides are released slowly from medicaments containing 
peptides as the active compounds and biodegradable poly- 
mers as carrier substances. T!te carriers are chiefly 
15 synthetic polyesters of lactic acid and copolymers of 
lactic acid and glycolic acid (c.f- for example, Euro- 
pean Patent Applications publication numbers 0,05Z,51U 
and 0,053,481) and synthetic arcino acid polymers Cc.f, 
U.S. Patent 4,351,337). The disadvantage of synthetic 
20 polymers is that residues of the polymerization catalyst 
must be reckoned with- Such residues are undesirable in 
medicaments, especially in implants. 

It has now been found that naturally occurring 
poly hydroxy butyric acid is suitable as a carrier for 
25 pept i de-contai ning inplants from which the active com- 
pound is released in « protracted manner. 



The invention thus relates to ireplsnts containing 
regulatory peptides or analogs thereof as the active con- 
pounds and naturally occurring po ly-D- (-) -3-hy d roxy hu 1 y- 
ric acid (PHB) of the formula 



HO-CK-CI? -CO(O-CH-CH^CO-) C-CH-C^-COOH 
. fc*3 (: - ! 3 CH 3 



-prom -/^ 
in which n represents a nun be ^ between - 500 ^ an - o - 25,000, as 

the biologically degred sble carrier. 

In the s tot stents nr.de above and below, "pep- 
tides" means regulatory peptides and analogs thereof, as 
10 well as physiologically acceptable salts thereof.. 

The invention furthermore relates to processes 
for the preparation of i rn p I « n t s containing regulatory 
peptides or analogs thereof as active compounds, which 
comp ri se 

15 1. dissolving the active compound in a loirmolecular 

alcohol which has 1 to 4 carbon atons and is optionally 
substituted by up to 3 fluorine atoms or in water or in £ 
mixture of these solvents, it. i x i n g the- solution \: i t h the 
po ly-D- (-> -3-hyd rcxy bu ty r i c ?cid, drying the moist raate- 

20 rial and pressing the product, cr 

2. dissolving the pc ly? (-) -3-hydroxyfcu tyr i c acid in 

a halogenated aliphatic C-j - C^-hyd roc a rbon,- nixing the 
solution with a solution of the active compound in a low- 
molecular alcohol which has 1 to 4 carbon atoms end is 
25 optionally substituted by up to 3 fluorine atoms, sub- 
jecting the resulting solution to spray-drying and 



pressing the dried cottonwool-Like material, or 
3. dissolving the po I y~D (- ) -3-h yd r oxy bu t y r i c acid in 

a halogenated aliphatic C 1 -C^hydroca rbon, suspending 
the active compound in this solution^ pouring the suspen- 
5 sion onto a suitable substrate, for example into a glass 
dish, evaporating off the solvent and, if appropriate, 
dividing up the resulting film into pieces of suitable 
size. 

The resulting pressed pieces or films can be 

10 ground and divided into various particle sizes by sieving. 
The solid shaped articles can be implanted such or, 
after prior comminution, injected in the form of 
suspensions. 

The regulatory peptides (naturally occurring - 

15 synthetic and semi-synthet i c) , winch can also be used in 
the form of salts, are soluble in water and low-molecular 
alcohols which are optionally substituted by fluorine. 
Possible alcohols are, in particular, nethanol and tri- 
fluoroethanol. Particularly suitable solvents for the 

20 PHB are fluorinated and chlorinated hydrocarbons, such as 
methylene chloride, chloroform and 1 r 1 ,2-t ri ch loro-1 ,2,1- 
t ri f luoroet hane, methylene chloride and chloroform being 
especially suitable. 

The PHB is synthesized by bacteria, such as, for 

25 example, by Alcaligenes eutrophus. It is obtained in the 
form of snail globules in the bacteria and can be greatly 
increased in concentration by corresponding conditions in 
the bacteria and easily isolated therefrom Cc.f- P h a r rn a . 



5 - 

Ind. 4_5, pages 525-527). Each unit of PHB consists of 
optically pure D- (- ) -3~hy dr o xy but y r i c acid. 

Biological degradation of PHB in vivo proceeds 
relatively slowly and contributes Little to the release 
5 of an active compound from an implant. The release is 
chiefly controlled by the surface of the imp la.it and the 
amount of active conpoirnd contained therein. If very 
small amounts of e peptide are to be released for a r e I a ~ 
tivety long time, an impant with a small surface area and 

10 a low peptide content, for example in the forn of pressed 
pieces, is advisable- The release from the pressed piece 
can be further reduced by coating the implant completely 
or partly with a layer of PHB or other biologically 
degradable polymers, such as polylactic acid or polylac- 

15 tic acid/pclyglycolic acid copolymers or with polymers 
such as ethylcellulcse, p o I y C m e t h ) a c r y I i c acid deriva- 
tives or polydimethylsiloxanes. 

An essentially uniform release of peptides for up 
to one year can be achieved with such impant s. The irr- 

2G plants can easily be removed by operation, if the treat- 
ment is to be discontinued. 

Whilst the implantation tablets prepared accord- 
ing to method 1 release a relatively constant amount of a 
regulatory peptide from the start, the implants obtained 

25 according to method 2 release a relatively large a m cunt 
of peptide in the first days and then release constant 
snail amounts. Good adaptation to the desired pattern of 
release of the active compound is thus possible with the 



implants according to the invention. 

These stow rates of release are surprising when 
compared with the rates of release of about 40 days, 
which in contrast are rapids obtained with the copolymers 
5 of Lactic acid 2nd glycclic acid (c.f. European Potent 
Application publication number 0,058,481), 

Very small tablets or other s rri a L I shaped articles 
throughout which the entire dose is distributed ore suit- 
able as implants for shorter release tiroes. As a result 
10 of the substantially larger surface area which 0 large nun 
ber of medicinal carriers have in comparison with a 
single shaped piece, the r e I e £ r e is More rapid. Snail 
particles vhicli can be prepared by comni r:u i i on of tab- 
lets and films are preferred. They can be injected, 
15 after suspension in a suitable 5 if; e d i u ^ - The particle 5 i z e 
should not exceed a particular value h-^ro and is advan- 
tageously in the r a , . g e f ron 0.1 to 200 j j it: „ 

Physiological saline solution in which,, for 
example, 1 % of hydro xypropylmsthylcollu lose (hctnoccl ^ 
20 E5>, carboxyme t hy I ce I lu lose (Blanose " 7LP) or polyethy- 
lene glycol sorbitan monos tearate CTween ^ 20) is dis- 
solved can be used for suspension and injection of the 
particles* 

Regulatory peptides are endogenous peptides which 
25 have a physiological action, they arc also called peptide 
hormones, which, depending on the site of synthesis or 
release, are classified into, for example, peptide hor- 
mones of the hypothalamus, of the pituitary gland,, of the 



gastrointestinal tract or of the thyroid gland. This 
classification is inappropriate today, since it is known 
that the so-called peptide hormones are not produced only 
at one site in the body and, in addition to their endo- 
5 crine node of action, can also act in a paracrine or 
neurocrine manner. 

Classification of these peptides according to 
indications is also inappropriate,, since thoy can develop 
the most diverse therapeutic activities, depending on the 

10 site of action and the dose. 

Examples of representative regulatory peptides 
which the implants according to the invention can contain 
are oxytocin, vasopressin, thyroliberin the anore.v i genie 
peptide, gonado I i be r i n, calcitonin, parathormone the 

1 5 epidermal growth factor, secretin the vasoactive intes- 
tinal peptide, somatoliberin the g a s t r i n - i n h i b i t i n 'j or 
g I u c o s e - d e p e n d c n t insul inotropic peptide, g lucaror, the 
pancreatic spasmolytic peptide, somatostatin, bombesin 
the gastrin- releasing peptide, n.otilin, neurotensin, 

20 substance P, sauvagin, corticoMberin, urotensin I and 
II, angiotensin I ^nd II, bradykinin, corticotropin, 
encephalitis, dynorphin, dermophin, casomorhins, gastrin, 
c h o I c- c y s t o k i n , cerulein, thymus factors, interferons, 
insulin, growth hormone and prolactin. 

25 The highly active analogs of g o n a d o I i b o r i n , such 

as, for example, CD-5e r (Su x > 6 3 gona do I i b e r i n- (1 -9) nc n a- 
p ep t i de-e t hy t a m i de (buserelin, Drugs of the Future 4, 
1979, pages 175-77, 3, 1983, page 254), C0-Trp 6 3 



gonadol iberi n (Drugs of the Future !3, 1978, pages 645- 
646), CD-Trp^jgonadoliberinC1-9)-nonapeptide-et!iyLan 1 ide 
(Drugs of the Future 7, 1982, pages 637-642), CD-Leu 6 ! 
gonadoliberin(1~9)-nonapeptide-ethylanide (Drugs of the 

5 Future 7, 1982, pages 882-886), CD-Se r (Bu 1 ) 6 , A2sGly 1C V 
gona do I i be r i n (Drugs of the Future _5, 19C0, pages 191-192; 
8, 1983, pages 364-365), CD-Trp 6 , N-MeLeu 7 D gonads L i be r i r- 
(1 -9) -nonapept i de-et hy lasni de (Drugs of the Future 8, 1983, 
pages 347-350), CD-pf-a m i no a di p i c acid e r t » ~bu t y I 

10 ester^] g or. a do L i b e r i n- ( 1 - 9 ) -nonap e p t i d e- •? t h y I n m i do (German 
Of f enlcgungsschri f t 3,020,941), LD-Ly s (Bo c ) 6 I! gonadoMberin 
(1-9)-nonapeptide-ethylaroide (German Patent 2,438,350), 
ED-3-(2,4,6-trinethylphenyl)-Ala^Il gonadoliberin and 
CD-3- (2-naph t hy 1>-Ala 6 j gonado I i ber i n (J. f;ed. Cher... 2j>, 

15 1982, pages 795-801), are of particular importance. 

In a high dosage, these peptides reduce the 
plasma Levels of lutropin and foil i tropin and hence those 
of the gonadal steroids testosterone and o estradiol. 
These derivatives can therefore be used for hormone-* 

20 dependent tumors, such as, for example, carcinor.e- of the 
prostate or of the breast, and also for en dome trios is and 
pubertas preacox in children* Continuous uniform release 
of the active compound is particularly important for this 
therapy. With the formulation according to the invention, 

25 the necessary amount of the active compound, which would 
otherwise have to be administered parcnter&Lly or intra- 
nasally 2-3 times daily, can be released for weeks or 
months with a single administration. Use on older persons 
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and children is thus particularly safe from administra- 
tion errors (compliance). 

Ano her important use of the formulation according 
to the invention is the protracted release of somatostatin 
5 and somatostatin analog s, which can be used in all cases 
where s o m a t o s t a t S n infusions exhibit an advantageous 
effect; for example for hemorrhages of the gastrointes- 
tinal tract, for gastric ulcers, for the treatment cf 
tumors which produce hormones which can be inhibited by 

10 somatostatin, such as, for example, for Zollinger-Ellison 
syndrome or Verner-Korrison syndrome, or for turgors which 
produce insulin or glucagon, for hormone*- dependent tutors, 
if the c o r r e s p c n ri i ; : g hormones car, be i i i h i b tied b y s o : : ; eto- 
statin, for certain types of leukemic., for metabolism d i s - 

15 orders with increased hormone levels which con be inhibi- 
ted by sons, t o^t st i n, such as, for example, r h c- une* oi d 
arthritis, where the plasms insulin and grow th horr;one 
are too high, for a c r o r*> u g a I y or psoriasis,* for Diabetes 
mellitus (inhibition cf glucagon), for chondrosarcoma and 

20 for states of shock. 

Highly active analogs of somatostatin are com- 

pounds in which, for example, Trp° is replaced by D-Trp or 

5-F-D-Trp, cr shortened cyclic compounds, such as, for 

example, 

2 5 Cp r o - Fh c - D- Trp- J,y - Th r- ? h 



(Nature 292 , 19C1, page 55) or 
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( I 

H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-ol 

(Life Sci. 31_, 1982, pages 1,133-1,140). 

Therapy of upper gastrointestinal henorrhsgos '..'it 
secretin infusions can also be simplified by the new 
galenical formulation. 

The ratio of active compound to carrier material 
5 can vary within wide Limits. Since the peptides are 

administered in low dosages, the amount of carrier rate- 
rial in the implants is relatively high (for example 
100 : 1 to 1 0,000 : 1 ) . 
E x a rn pie 1 : 

10 2.5 g of P KB were moistened with a nethanolic 

solution containing 2.875 jug of buserelin acetate (cor- 
responding to 2.5 ng of buserelin) and nixed thoroughly. 
The moist material was dried in vacuo, with shaking. The 
procedure was repeated several times with pure methanol. 

15 The dry mixture was pressed to tablets (implants) weigh- 
ing 50 mg and containing 50 ug of buserelin* 
Ex amp I e 2 : 

2.875 ng of buserelin ? c * t M - e (corresponding to 
2.5 no of buserelin) were dissolved in 30 in I of methanol, 
20 and 2.5 g of PHS were dissolved in 70 ml cf ch lorof orir.. 
The two solutions were combined and subjected to spray- 
drying. A flaky powder was obtained / from which tablets 
weighing 50 mg and containing 50 u g of buserelin were 
pressed. 



Example 3 : 

The pressed pieces prepared under Example 1 or 2 
were micro n i z o d . The resulting particles were divided 
into particle size ranges up to about 200 /jm by sieving. 
5 The fraction? were suspended in physiological saline solu 
tion with 1% of ca rboxyine thy I c e I lu lose in a concentration 
of 50 mg/nl for injection. 
Example 4 : 

2.5 g of PHB were dissolved in 2 5 g of chloroform. 

10 2S7.5 mg of buserelin acetate (corresponding tc 250 rsg of 
buserelin) were suspended in this solution. The suspen- 
sion was poured into a Petri dish. The solvent was 
allowed to evaporate slowly. A film was formed, a n d 
divided into flakes 1 cm^ in size, containing *bout 5 r.vg 

15 of buserelin. 
Examp le 5 : 

Biologic a I t esting of t hi e fo rmulations or, rats 

Tv:o implantation materials of PHB and a copolymer 
of lactic acid and glycol ic acic ( P L > of identical 

20 weight and size which had been prepared analogously to 
Example 1 were investigated,, The materials were tested 
on adult rats weighing 400 g, toe enount of peptide 
released each day being determined by pharmacokinetic 
detection by means of specific radioimmunoassay. In the 

25 case of the PHB implant, a release of 0.203 + 0,038 ng of 
buserelin per day was found. In contrast, a release of 
1 .075 * 0*029 ng of busere I in/day was found for the PLG 
implant. The tota L -duration of the release of the peptid 
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was calculated from the cumulative rate of release. It 
is 221 + 29 days for the PHS implant and 46.5 * 1*2 days 
for the PLG implant. The PHB implant material is thus 
considerably more suitable for long-term release of pep- 
5 tides than the copolymer of lactic acid and glycolic 
acid (50:50) used for comparison. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FULLUWS: 

1. An implant containing a regulatory peptide or one 
of its analogs as the active compound and naturally 
occurring poly-D(-)-3~hydroxy butyric acid of the formula 

KO-CH-C" ~C0-(0-CH-CK o -CQ-) O-CH-CH -CQOH 

I 2 i d n i d 

■CK 0 CH 0 * CH„ 

3 3 ~> 

in which n represents a nunbe r ^ 4 jot wo z :\ 5 0 0 Jc-r\d~ 25,000, as 
the biologically degradable carrier. 

2. Implant es claimed in claim 1, which c entries 
bu sere I i nCa cetate) as the active compound. 

3* A process for the preparation of an i plain t as 

claimed in c I a i rri 1 , which c o rap r i s e s 

1. dissolving the active compound in a I o w-rno I e c u I c r 
alcohol which has 1 to 4 carbon atoms and is optionally 
substituted by up to 3 fluorine atoas or in water or in 
a mixture of these two solvents, mixing the solution 
with the pcly-D- (-} -3~hydrc xybuty r i c acid, drying the 
moist material and pressing the product, or 

2. dissolving the poly-D (-) -3-hydroxybuty r i c acid in a 
halogenated aliphatic C^-C^-hydrccarbon, fixing the 
solution with a solution of the active compound in a 
low-molecular alcohol which has 1 to 4 carbon atoms and 
is optionally substituted by up to 3 fluorine atoms, 
subjecting the resulting solution to spray-drying and 
pressing the dried material, or 

3. dissolving the po ly-D (-) -3~hy d roxy but y r i c acid in 
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a halogenated aliphatic C-j -C^-hydroca rbon, 
suspending the active compound in this solution/ 
pouring the suspension onto a suitable substrate, 
evaporating off the solvent and, if appropriate, 
dividing up the resulting filrr. into pieces of suitable 
size. 

4 „ The process as claimed in c I a i 1. 1 Z , wherein t h r 

pressed piece or f i I n is c o nuo i n u t e d in a further step and 
suspended in a solvent suitable for injection pu i-poses- 
5. Th e process as claimed in c I a i n Z f wherein the 

active corr-pcund is dissolved in methanol. 
6* The process es claimed i n claim 3 f v;hc-rein the 

carrier substance is dissolved in chloroform, 

DATED THIS 31st day of July, 1984 
HUECKST AKT IENGESLL SCH AF I 

CDWD. WATERS h SUNS 
PATENT ATTORNEYS, 
SO QUEEN STREET , 
MELBOURNE. VIC. 3000 
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in which r« represents a number between 500 and 25,.Q0Q, as 
the biologically degrade blc carrier. 
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The -invention relates to a -f ormu lat ion, which can 
be implanted, of r.egu.latory peptides and of analogs 
thereof vnth protracted release, and to processes for the 
'preparation of the ifiipUnts, 
5 "It" teas already been reported that, during in 

vitro' experiments, the' active compound is released slowly 
froa* matrix tablets containing 7-hydroxyethylthecphylline, 
as the active compound, and poly-D -3-hydroxybuty ri c 
acid,, as the biologically degradable carrier material 
10 (Pherw. Xnd. 45, pages 525-527 (1 983)). 

It has furthermore been reported that the pep- 
tides are released slowly from medicaments containing 
peptides as the active compounds and biodegradable poly- 
mers ss carrier substances- The carriers are chiefly 
15 synthetic polyesters of lactic acid and copolymers of 
Lactic acid and glycolic acid <c.f r for example, Euro- 
pean Patent Applications publication numbers 0,052,510 
and 0,058,481) and synthetic amino acid polymers (c.f- 
U.S. Patent 4,351,337). The disadvantage of synthetic 
20 polymers is that residues of the pc lytne r i *at i cn catalyst 
must be reckoned with. Such residues are undesirable in 
medi events, especially in implants- 
It has now been found that naturally occurring 
polyhydroxybutvri c acid is suitable as n carrier for 
2 5 pept i de-contsi ning implants froni which the active com- 
pound is released in a protracted manner. 



The' invention thus relates to implants containing 
regulatory -peptides or analogs thereof as the active com- 
pounds and naturally occurring po ly-$~ <-) ~3-hyd r oxybut y~ 
ric acid CPH3) of the. formula 

H0~CK-€K o - GO { O- CH- 0H o ~- GO™ } O- CH- CHL-COOH 

OH % CK^ 

in which .ft represents a number between 500 and 25/000, as 
the biologically degrsd&hte.carr'ivr. 

In the statements >*-ade above and below, "pep- 
tides 1 * jnea-ns regulatory pept i des and ana-logs thereof, as 
10 well as physiologically acceptable salts thereof . 

The i nvent ion f urthermore relates to processes 
for the preparation of implants containing regulatory 
peptides or 'analogs thereof as active compounds, which 
comprise . • 

15 -s 0 dissolving the active compound in a low-mo Ucular 

alcohol -which has 1 to 4 carbon atoms and is optionally 
substituted by up to 3 fluorine atoms or in water or in a 
fixture of these -solvents, fixing the solution with the 
poly-D-(->-*3-hydroxybutyric acid, drying the woist snate- 
20 rial end pressing the product- or 

2 V dissolving the po ly~D (-) ^3-hy d roxyhu ty r i c acid in 

a halogenated aliphatic C -j - C 4 ~h yd roc a rbon, m i x i ng the 
solution with a solution of the active compound in a low- 
molecular alcohol which has 1 to 4 carbon stoma and is 
25 optionally substituted by up to 3 fluorine stores, sub- 
jecting the resulting solution to spray-drying dnd 
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press.ing->te #pie<i i&ttORtooi^-ii&e materia I, or. 

a bat^nateid:^^ Suspending 
■ the Sfcti** ^O^^Si^^ t^ .s:yspen- 

•Titi) ; : a :.g:la-s s 




The soi.id : ■s^-^d ^rt^cp^ §u ^ h -° : *> 

after 'pnSF'^BEi^tia,;^!^^ ifi *he fof!T! °' T 

suspsnsi o n s * •' .'" 

15 synthetic SBd ^»V~sy«t feet i c> c*« also be use d'- in 
the ivrm -of sM^-'tr* s*X«bU in ««t«r and l^ek^Ur 
alcohols -^icft ere optionally substituted by fluorine. 
Possible alco^is -are, in paftiwfef, methanol and tri- 
fluoroeiftanol. Pe rt i*u.l a r ly suitable solvents for the 

20 PBS are fluorvnated and chlorinated hydrocarbons, s«ch as 
methylene chloride, chloroform and 4 ,1 ,2~t ri ci*t©r©-1 ,2,3- 
triflu-orcethsne, ©ethylene chloride, ynd ch Lorofdr* being 

especially suitable. 

The PHB is synthesized by bacteria, such as, for 
25 example, by Alcsl'.genes eutrophus. It is obtained in the 
for® of snaU globules in the bacteria and can be greatly 
increased in concentration by corresponding conditions in 
the bacteria and easily isolated therefrom <c.f. ?ham. 



ind. 45, pages 5?.5-52?>. Each unit. of PH8 consists of 
optically pure D- <->-3~hyc£roKyfeuty.rU acid. 

Biological degradation of P HB in vivo proceeds 
-eUtiv«.ly slowly an4 .^nif-ibutes ■ i it* le. to tfte release 
5 of aft active ;8 ompov*tf from- ao *a*la<>t«- /...T*e rsleas* is 
chi S fly : cent roli^ ^ th-e ^urfa^ 'of^tbe- implant and the 
siount .f^'iw 'twW^'^'^ia. If very . 
- small a*o*n4sr;6f a Wti*c are to be pleased for a tela- . 
' tively ■*im*:**> ^Par>t wit* .a s.atl^rfaer a^a and 

10 a. low p^t:^-^i4t, w'e^U form oppressed 

Pieces, U advisable. • the r^ie^e from the pressed piece 
can be further reduced by coat i n« ■ tiie - iipUnt completely 
or partly with a layer of PHB or other *i o logi ca t ly 
degradable polymers, so«h as pslytactic acid or polylac- 
15 tic acid/polyglycolic acid copolymers or v-th polymers 
such as ethvtcellulcse, poi y <®ezh> ac ry U c acid deriva- 
tives or polydim2thylsil0xar.es- 

An essentially uniform release of peptides for up 
to one year can be achieved «ith such impants. The i m- 
20 plants can easily be removed by operation, if the treat-. 
sient is to be discontinued. 

Whilst the implantation tablets prepared accord- 
ing to .ethod 1 release a relatively constant amount of a 
regulatory peptide from the start, the" implants obtained 
25 according to method 2 release a relatively Lar S e amount 
of peptide in the first days and then release constant 
small amounts. Good adaptation to the desired pattern of 
release of the active co«*w.r.tf <» thus possible with the 
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implants according to the invention. 

These stow rates of release are surprising when 
■ compared *Uh the rates of release of about 40 clays, 

which in contrast are rapid, obtained aitii the copolymers 
5 of l»c** *'««** *nd ^alis *eid <c.f. European Patent 
ftpp U £*t* ©^-';4M*b -tlcetliefirv -nwtsber 0>^5*^48.1). 

. snail tacts'.- or other smalt shaped articles 

iUroxm^^m^ the enttre dose is di st r 1 but ed ' a re suit- 
able as implWs for shorter release tis.es. As a result 
10 of the ^sl«itiaiy larger surface area which a Urge num- 
ber of medicinal carriers have in comparison with a 
single shaped piece, tfce release .is more rapid. Small . 
particles vfclck can be prepared by comei nut i on of tab- 
lets and fills are; preferred. They can be injected, 
15 after suspension a suitable medium. The particle size 
should not exceed a particular value here and is advan- 
tageously In the range from 0.1 to 200 pm„ 

Physiological saline solution in which., for 
example/ 1% of hydroxypropylmethylcel lulose Crlethocel R 
20 E5>, carbexy.ethytceUulo.e (Blenose R 7LF) or polyethy- 
lene glycol sorbitan mono s t ea r at e (Tween i? 20) is dis- 
solved can be used for suspension and injection of the 
particles. 

Regulatory peptides are endogenous peptides which 
25 have a physiological action, they are also called peptide 
hormones, which, depending on the site of synthesis or 
release, are c lass i f i ed ' i nt o, for example, peptide hor- 
mones- of the hypothalamus, of the pituitary glend, of the 



_ ? - 

gastrointestinal tract or of the thyroid gland. This 
classification is inap W riate today, since it is known 
t ^at th« SQ-cil-U* peptW* Wow«s are not produced only 
>t : one sife in tfee b-ody end., in ^tfrtion to their endo- 
5 crins '^bdl; vf.'^l^fa, e*n. *<>Q= i* a paracrine or 

t&-***Zrj0- W^-/ .' ... v.. . 

'■ ■ o^^4^ : :fepti^s'ac.Gord^§- to 

indic^O^* ?**Sb 1^W«»ria*e,.:yf«.* t*e* can «ev«Lo* 
th . e B o^fem:.tWF^tu .^w^es, depending on the 

10 site of'.^*^:^^ tK;^.. 

ifc^t&S* t:e^T€'s'.in:t;s.t.i.«e ' r*g;u iat o ry pept i de s 
«fcic*' the i^iatt* aocord^o to t*e invention can ..contai n 
aire o.yt^.^-m^s^, WeaU-berio the ar,o, ex i genie 
peptide, g^adotifeferin, .calcitonin, parathormone the 
15 epidermal grct. factor, secretin the vasoactive intes- 
tinal peptide, somatoliberin t*« ga*t M n-inhl bit ing or 
glucose-dependent i nsu I not ropi c peptide, glucagon the 
pancreatic spasmolytic peptide, .somatostatin, bombesin 
the gastrin-releasing peptide, «ot1l±n / neut rot ens i n, 
20 substance P, sauvagin, oort i co li ber i n, urotensir. I. and 
II, angiotensin I and II, bradykinin, corticotropin, 
encephalins, dynorphin, derr.oph.in, casomorh'ins, gastrin, 
cholecystokin, cerulein, thymus factors, interferons, 
insulin, growth horsione and prolactin. 
25 The highly active analogs of gonadoliserin, such 

„, for example, LD-Se r (Bu^ > 6 3 go na do I i be r i n- (1 -9) nona- 
peptide-ethylasnde (buserelin, Drugs of the Future 4, 
1979, pages 175-77, £, 1933, P-se 254), L D -Trp 6 3 
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(Drugs of-MA^- . : P#§^ ^7^0? .>\t^ei»* 3 




15 1982=, ^^s-^S^W/ .:.^e^i?Tl 'j^^^^iS^f^^^^^^^'' •' ■ 
In a fci-#:^s-W#e> * h'^te. fj^«<fes • .'.r^&J'C*.. t^f ■ ■■' 
•plasma levels of tropin end foU«ropin atvd fe^e #bse 
of the "g.o,na.#ai steroids testosterone and oest radio! . . 
These.,deriy-s*^yes.-cen therefore fee -used for , 
20 dependent t^ : or S , «h for example, c S rciB.«. of ^ e : - = : 

•prostate or of : -tfc* 'breast.; **<J also f^r end^eiriosi* end 
pubertas preacox in children. totitinuflus vMfeW. release 
of the. active expound is particularly important for this 
therapy.- *H ^ the formulation according ts tie Invention/ 
25 the necessary amount of the active compound, would 
.therwise have to be administered parentet ally or • intra- 

isally 2-5 times daily, can be released for weeks or 
months >nth a single administration, use on older persons 
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and children is thus particularly safe fron; administra- 
tion errors (coispliance) , 

Another is^ortant use of the formulation according 
to the i p<ver;t ion is the prot racted release of somatostatin 
5 and so^t^stat in zna±Q$<; :Jf i cfe : -G^n be used in ail cases 

vhe.re s^-&ti>;$.t"at^n infusions ^r^bi t an advantageous 
- ef fee t~. efc-a&plf ^^yha^ps' f-f -*fee gastrointes- 
tinal t f? : -r -e^sitrfc .ult^rs, " to-r t&e treatment of 
tutors &feicn. ;-p*F^<^#§ ker^nes t?feicfe cam be inhibited by 
10 somatostatin '.'©^J* as^.lef ■e^te / for Zol I i nger-E 1 1 i son 
syndrome or ^^f^lorfi^ffi ^i^droae^ of for t^rs ufeicfe 
produce insulin o'.r gtu^-a#o^> for ho r mo n e ~d e p e n-d e n t tumors^ 
if the cor r'espo.ndfeg aormones caa b« inhibited by s om-a to- 
st at in^ for certain types of vlsufeeEn s> for -isetaboi i sm dis- 
15 orders with increased hormone levels which can be inhibi- 
ted by somatostatin such as,- for example, rheumatoid 
arthritis, where the plasma insulin and growth hormone 
are too high, for acro-ssegaly. or psoriasis, for Diabetes 
enellitus (inhibition of glucagon), for chondrosarcoma and 
20 for states of shock. 

Highly active analogs of soma tostat i n are com- 
pounds in which, for example, Trp 8 is replaced by D-Trp or 
.5-F-D-trp, or shortened cyclic compounds, such as, for 

example,. i 

9K Lpro^rhc-D-Trp-Ly^-Thr-Phe^ 

(Nature 292 f ^9Z^ r page 55) or 
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{ — — — ! 1 

■ =Ttf€*3gaf& of ;%mp# •|>^«-?s:ti&s-t.i*!a I heisorr' *ges: with 
" secretin, ^fef^^an a*««>- #^-^i'if ^ed . by. the new 
ga leni i's-t vfe^^f-'i cm , ' : ' .' 

' ' >ii&3&>&&%9&- j-0:f .-sctif^-e C^mp-©u-f5d- t-o:. carrier material 
5 can vary I^ff iW *.s . S i Ace peptides are . 

admirvl5lf«-rfe# dosages, the-«tf@tf&* of carrier sate- 

rial in. the " is rel****e*¥ 'Vigfe ■ <f or ex^le 

1-00 ; 1 to i T>. 

Ex ample 1 ': 

-jq 2.5 g of PK-8 ware R&oistened wi th a raethsno I i c 

solution cotvt sifting 2.875 s>g o-f buserelin acetate (cor- 
responding te 2.5 ag of buserelin) and mixed thoroughly. 
The moist material was dried in vacuo, witr shaking. The 
procedure was repeated several times with pure methanol. 

15 The dry fixture was pressed to tablets (implants) weigh- 
ing 50 rag and containing 50 ug of buserelin. 
Exaropl e__2 : 

2.875 rag of buserelin acetate (corresponding to 
2.5 mg of buserelin) were dissolved in 30 sal of methanol, 
20 and 2.5 g of PH8 were dissolved in 70 ail of chloroform. 
The two solutions were combined and subjected to spray- 
drying. A flaky powder was obtained, from which tablets 
weighing 50 mg and containing. 50 U9 of buserelin were 
pressed. 



Example , 3 : 

Tfre pressed pieces ©r&parcd under Example 1 or 2 
were ffrnr^i^i, T*ve' : resu 1 1 rna pa^t ic I £$ were divided 
into :f>§vrti^4e si^^ r^^f «rp to • d&mt 2m f» by sieving* 
5 The f^^t1o«;S^^re ^^.n#£d in ^^wl^-gical saline sol 
tion tt^&yt* in a concentration 

of 5© ior *#£*^frf-#»* 

£x eagle 

2 a 3 g . &f PMS were dissolved in 25 g of ch lorofor.au 
1Q 287,5 of ^s-erelir. acetate ( cor respond i rvg to 250 mg. of 
biiserelin) *;er*e sa speeded in t a i s solution. The suspen- 
sion was poured into a Petri dish. The solvent was 
allowed to evaporate slowly. A film was formed, and 
divided into flakes 1 cr in size,, containing ^bout 5 n*g 
15 of hu sere I if*. 
E_x_e n p le 5 : 

Biol osji :aj-_ t e st i ng o f the fo rmulatio ns or, rats. 

Two implantation materials of PH3 and a copolymer 
of lactic acid and glycolic acid (P-LG) of identical 

20 weight and size which had been przperzd analogously to 
Example 1 were investigated. The materials were tested 
on adult rats weighing 400 ■ g, the amount of peptide 
released each day being determined by pharmacokinetic 
detection by means of specific radi oi ftifiiunoass ay * In the 

2Z case of the PHS implant, a release of 0,203 ± 0.038 ng of 
buseralin p~r day was found. in contrast, a release of 
1.075 -> 0,029 ng of bussre U n/day was found for the PLG 
implant. The tota I -duration of the release of the peptid 



M)as ca-Lcstatee irom tibe e^alstrve rate of release. It 
is 2 21 * days for tfee PHS wpUnt and 46.5 ± 1.2 cSays 
for -PiS i*s#*a»*. Tb* vaB invplant material is thus 

cw*^era^iy #*<t*fcl* for long-term release of pep- 

5 ^^s.:^n y ^s <>f " ****** a-ei«S arvd giycolic 
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rnr claims defining the invention art as follows*. 

1, An implant containing a regulatory peptide or oru 

of its analogs as the active compound and naturally 
occurring pci; -M^>~3-%ydroxybuty r i c acid of the forwula 



HO- CH- CI ^CG- ( 0- CH-CH 0 - CO- } CH- CH^-COOH 
-CH 3 ffllj ■ 0H 3 



in which n represents a number between 500 and 25,030/. as 
t h s biologies 1 1 y d e g r a d b I o c a r r i e r . 

2. Implant as claimed in claim 1,. which contains 

buserel-ioC acetate) as the' active compound* 
3 v A process for i:he preparation of an implant as 

claimed in claim 1 ; which comprises 

1. dissolving the active compound in a low-molecular 

alcohol which has 1 to 4 carbon atofss and is optionally 
substituted by up to " J fluorine atoms vr i n water or in 
a fixture of thes e t w o sol v e o t s ^ fixing the solution 
with the poLy-D- (~>-3~hydrcxybuty . i c acid, drying the 
moist material and pressing the product, or 
2.. dissolving the po Ly-D <-) -3-hydro xybut y ri c acid in a 
ha Logti. -ted aliphatic C », €4 ~ h y d r c c a r bo n,- mixing the 
solution with o- solution of the active corapound in a 
low-molecular slcohct which has i to 4 carbon atoms and 
is optionally substituted by up to 3 fluorine atoms , 
subjecting the resulting solution to sprc;y-drying and 
pressing the dried material, or 
3. dissolving the poly~D (-) -3~hyd roxybut y r i c acid in 
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a halogenated aliphatic C-j -C^-hy d roca rbon, 
suspending the active co&pound in this solution,, 
pouring the suspension onto a suitable substrate, 
evaporating off th*$ solvent at\d r i f ' appropri at e, 
dividing up the resulting film into pieces of suitable 
she. 

4. ?he process as claimed in clsin, 3^ wherein the 
pressed piece or filss is coffisinuted in a further step and 
suspended in a solvent suitable for injection purposes, 

5. The process as claimed in claim 3, wherein the 
active compound is dissolved ■ * methanol, 

6 „ The process as daisied in claims 3^ wherein the 

carrier substance is dissolved in chloroform, 
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|S7) . ■ ■:■ Ija-pl sn t iacla-des tablets, flakes and inject laws 

1. An ijsiplcnt ctws't-ai-nf&s a regulatory peptide or one 

of its analogs as the active comound and naturally 
occurring po ly~D <-) -3-hyciro xy butyric acid of the formula 



HG-CH~c:-U-CO-( O-CH-CH, -CO- } 0-CH-CH 0 -COOK 
i d ■ \ <± " t ^ 

5 ^ 3 

in which n represents a rjuaber between 500 and 25,-000, as 
the biologically degrades le carrier. 
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Compete SpeciSicatier.-for the invention entHSed: 

PHARMACEUTICAL PRODUCTS WITH PROTRACTED RELEASE WHICH CUNT A j N 
REGULATORY PEPTIDES, AND PROCESSES FOR THEIR PRE PART AT ION 



The following ststsmem is s Mi description of this invention, iridudt-* the best method of performing it kr*o*rn to :■ 
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The invention relates to a f orrau tat i on, which can 
be implanted, of regulatory peptides and of analogs 
thereof with protracted release, and to processes for the 
•preparation of the rssp tsrvts „ 
5 xt has already beer, reported that, during in 

vitro experiments, the active compound is released slowly 
from tsatrix tablets -containing 7-hydr oxyet hy 1 1 hecphy 1 1 i n e, 
as the active compound, and poly-S C-> -3-hydroxybutyri c 
acid, as the biologically degradab'le carrier material 
10 (Phara. Ind. £5, pages 525-527 <1983)>. 

It has furthermore been reported that the pep- 
tides are released slowly from medicaments containing 
peptides as the active compounds and biodegradable poly- 
mers as carrier substances. The carriers are chiefly 
15 synthetic polyesters of lactic acid and copolymers cf 
lactic acid and glycolic acid (cf. for example, Euro- 
pean Patent Applications publication numbers 0,052,510 
and 0,058,481) and synthetic amino acid polymers (cf. 
U.S. Patent 4,351,337). The disadvantage of synthetic 
20 polymers is that residues of the po Lyme ri *at i on catalyst 
must be reckoned with. Such residues are undesirable in 
medi cai«ents, especially i f> implants. 

It has now been found that naturally occurring 
polyhydroxybutyric acid is suitable as a carrier for 
25 peptide-containing implants from which the active com- 
pound is released in a protracted manner. 



The" invention thv.s' relates to implants containing 
regulatory peptides or analogs thereof as the. active com- 
pounds and naturally occurring po Ly-S~<-> -3- h yd ro x y bat y- 
ric acid CPH3) of the .forroala 

HQ- : CK~eH 2 « GO { 0- C3~ CH 2 ~ CO- } n G- CH- CHg- COOH 

in which # r epr esents a number between 5QG and 25/000, as 
the biologically de-gr-adaSC'e .car r it: r „ 

In the stat'eraqrrts "<»■■& de above and below, "pep- 
tides" ?r,eans regulatory .pept i des . and analogs thereof, as 
1Q well as physiologically acceptable salts thereof. 

The i nyention furthermore relates to processes 
for the preparation of implants containing regulatory 
peptides or analogs thereof as active compounds, which 
comprise . ■ 

15 i # dissolving the active compound in a low-molecular 

alcohol -which has 1 to 4 carbon atoms and is optionally 
substituted by up to 3 fluorine atoms or in water or in a 
Mixture of these solvents, mixing the solution with the 
poly-B-(->-3-hydroxybutyric acid, drying the jnoist mate- 
20 rial end pressing the product, or 

2-. dissolving the pc ly-& C~> ^3~hy droxybu ty r i c acid in 

a halogenated aliphatic C-j-C^hydrocarbon, • mixing the 
solution with a solution of the active compound in a low- 
molecular alcohol which ha.s 1 to 4 carbon 3torcs and is 

25 optionally substituted by up to 3 fluorine atoms, sub- 
jecting the resulting solution to spray-drying dnd 
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pressing,' -the dried ee.ttomv.oot-. I ike material, or. 

3.. ■d-.fssG-Uih-g, t:h^/:^y•^i-•)•^->y•<^^o^ut>^ric acid in 

a fca*o^.nat^:-4l»#^ suspending 

, .the -^^^S^.%i^34fi^ v^^^1^>"?^9* : -"v? V * F #* : swen ~ 

• di J|§§^ . . - 

• size. ..;:^,:; ;; , : -,v--- >:r V • ^ = ->-V 

• ■ ^ ■ 

The solid s^i^d -ai^-©^ of > ' 

after prior ^Q^^x^y^^^^ *he fo-ns of - 

suspensions. .' 

15 syrrti*t*«.'.aw* ^»*~sy«thet 1 «>, can also be ~sed in 

the. fora.of salt*,- ' a re s*l«bt* in waiter and l<m^t*«aUr 

alcohols wfeicb are optimally substituted fey fibrin*. 
Possible alco^l^re, in partie^r, methanol and trv- 
fluoroeifranet. Particularly suitable solvents f<r*> the 
20 phb are flyori-naterf and chlorinated hydrocarbons, s-^ch as 
methylene chloride, chloroform and 1,2-1 ri cfeloro-1 ,2,3- 
triftu-oroethane, methylene chloride. ynd chloroform being 

especially suitable. 

The PHB is synthesized by bacteria, such as, for 
25 example, by Alcaldes eutrophus. It is obtained it, the 
tors of small globules in the bacteria and can be greatly 
increased in concentration by corresponding conditions in 
the bacteria and easily isolated therefrom <c.f. Pharma. 
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Ind. 45, pages 52.5-527>. Each unit of PH8 consists of 
optically pure S- <->-3-hydr0Kybuty ru acid. 

Biological degradation of PHB in' vivo proceads 
relatively slowly an** .^tfikit-os -li tile/to the release 
5 of a* active ^S^f« so i^Unt. The r*lea*fe is 
chiefly controlled fey th~e i^nt and the 

" small ^anir^'^W 5 ^ are to be pleased for a re la- . 
' t i ve ly lo : * 3 . a* ^P^t «ith .a smaU surface area and 

10 a. low peptide «*vt*«t, for example W.t*e for* of ores.ed 
pieces, is adVisaM*.. ■ Th« release '--fro* the pressed piece 
can be further -reduced by " soati n* ■ t*e - iipl.nt completely 
or partly with a layer o.f >»S or other -biologically 
degradable polymers, such as politic acid or P olylac~ 
15 tic acid/potyglycolic acid copolymers or with poly^rs 
such as etfeyUellutose, poiy<*eth)acry U c acid deriva- 
tives or polydiaethy Isi loxanes. 

An essentially onifcr. release of peptides for up 
te one year can be achieved vnth such- impants.- The i m- 
20 plants can easily be removed by operation, if the treat- 
ment is to be discontinued. 

Whilst the ^plantation tablets prepared accord- 
ing to method 1 release a relatively constant amount of a 
regulatory peptide fro, the start, the ^plants obtained 
25 according to method 2 release a relatively large a.ount 
of peptide in the first says ar.d then release constant 
s^ll amounts, Gooa adaptation to the desired pattern of 
release of the actw* co*p^* it tbv* possible with the 



implants according to the invention. 

These slow rates of release are surprising when 
compared with the rates of release of about 40 days, 
which in contrast are rapid, obtained «ith the copolymers 
5 of tact* 6 9 ty«oUc acid Cc.f. European Patent 

Applic ; ^tToft ;^bU-atid»n nafbsr ©y&S-S^&l) . 

. SB ail taSb'irts or other small shaped articles 

tHroushWt^fe the: entire dose is di st r i but ed a re suit- 
able as impl^s- for shorter release tiaes. As a result 
10 of the s «4>s*^ti«Uy larger surfac* area which a large num- 
ber of medicinal carriers have in comparison with a 
single shaped pise*, tfc« release is more rapid. Small 
particles *fcic& can be prepared by comminution of tab- 
lets and filas are preferred. They can be injected, 
15 after suspension ^ a suitable medium. The particle size 
should not exceed « particular value here and is advan- 
tageously in the range fronn 0.1 to 209 p*. 

Physiological saline solution in which., for 
example/ 1% of hydro xyprcpylroethy I cellulose <Wethocei R 
20 £5), carboxyaethytcellutcse (Blanose R 7LF) or polyethy- 
lene glycol sorbitan monostearate (Tween R 20) is dis- 
solved car. be used for suspension and -injection of the 
particles. 

Regulatory peptides are endogenous peptides which 
25 have a physiological action, they are also called peptide 
hormones, which, depending on the site of synthesis or 
release, are classi f i ed "into, for example, peptide hor- 
mones- of the hypothalamus, of the pituitary gland, of the 



gastrointestinal tract or of the thyroid gland. This 
desiccation is inappropriate today, since it is known 
that th/sQ-ceUe* peptide are not proceed onLy 

>t\«i»e sit* in t** tA^HIon to their endo- 

5 ^M^'^bW «** ** 3 P^aerine or 

n^r^j^ ■^*s*i*r.. . ... '' . 

' indic^W'^ in^ro^ri 3 te/;s^c € they .can develop 

the R 6^..fe^^ : tWrW^ti c ect-i vities, depending , on the 

10 sits o f : n : *n ; e t* e \4&:&e> 

£x^ti9.>* .re^r€«^€^ti.ve ' regulatory peptides 
uhU h the ii*left«* accord** to t*e invention can contain 
are oxytocin"," ^p^sin, thyraUberin the arvorexi geni c 
peptide, ««tadcH«frfef.i» f .caUIWvn, perathoraone the 
15 epidermal § ro.^' factor, secretin t*e vasoactive intes- 
tinal peptide, somatoliberin the gastMn-inhibiting or 
glucose-dependent i nsu U not ropi c peptide, glucagon the 
Pancreatic spasmolytic -peptide, somatostatin, bombesin 
the ga.trln-r.lea.lng peptide, ™titin, neurotensin, 
20 substance P, ..uv.gln, cor t i co I i be r i n, urotensir. I and 
II, angiotensin I and II, bradykinin, corticotropin, 
encep'haUn., dynorphin, dermoph.in, c a so.o r h i ns , gastrin, 
cholecystokin, cerulein, thymus factors, interferons, 
insulin, growth horsone and prolactin. 
25 T he highly active analogs of gona do I i be r i n , such 

a., for example, iV-Se r (Su^^gcnado I i be r i n- (1 -9) nona- 
peptide-ethylaaide (buserelin, Drugs of the Future 4, 
1979, pages 175-77, &, 1933, P«S* 254), CD-Trp 6 3 



gonsdoLTb^rin CDru&s of fh«e Future 3, 197*8, ;P?s4 ; ^5- 
6-46 ) , E^T^^^n^M-be j^fc^SB^^ 




5 1982=, 

In /a 'h r.# ■&£'4c- / t fc>s ; s . ->---cr&*W : : .•: ' : . 

■p'Usm levels :of l-unrop in and >o4* v^op?* and fe^.«6se 
of tH gsfl^t steroids testosterone and oestr-erfiol, : 
Tl,e^,^ri^^es.:^n therefore 3^>**d ffff hoito*e-. ' 
20 <fep^«- ^cV^ f or e*a^.te, carci a #|a of . ; ^« 
■prostata or of : *i»* aft* also f^r en^etrios^ w# 

pubertas precox in children. 'continuous uniform release 
of the active expound is part i cu tar ty important for this 
therapy.- «i^ the formulation according to five invention/ 
25 the necessary amount of the active cs^w^, would 
rcherwise have to be administered parent era I ly ol- intra- 

, sally 2-3 times daily, can be released for weeks or 
tenths .with a single administration. Use on older persons 



O' 

na: 
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and children is thus particularly safe frosn administra- 
tion errors (conipUance) u 

Another important use ©f the formulation according 
to the i nvent ion is the protracted release of. somatostatin 
5 end so^a^stat i n snalogs^ w.'h i ch ; =ca;n be used in all cases 

' v h e . t a t i a 4 n f k& $ ■ &k i -t a n a d v. 6 nt age o u s 

■ ef feet 1 ;.;;-^^ e*3tfpU fw ^e^r-rha^es' -£&e gestroi nt es~ 
tinai t^^t^ for ■gWsitW'- u Iters, for treatment of 

t ugso r $ -r«fe 1 c n, vprod^v ^ f ho r mon-es wh i oh c-as* b e i nh i b i t e d by 
10 somatostatin^ ^s^. -e^fte y for Zpt I i nger-£ 1 1 i s on 

syndrome or .^rne^o/fi^ ■ - ; s : yn4r sae, or fo.r ty&ors yhich 
produce i nsulin ©:t gtu^ag^y for hormone -de pen-dent tumors,, 
if the corr^spo^d^g kor mooes ca^ fee inhibited by somato- 
statin,, for certain types of leakeaia,. for metabolism di 
15 orders with increased hormone Levels which can be inhibi- 
ted by soiaetcSta'ci^, such as,- for example, rheumatoid 
.arthritis, where the plasma insulin and growth hormone 
are too high, for acromegaly or psoriasis, for Diabetes 
raetcitus (inhibition of glucagon), lor chondrosarcoma and 
20 for states of shock. 

Highly active analogs of s'orsstostat i n are com- 
pounds in which, for example, Trp 8 is replaced by D-Trp or 
.5-F-D-Trp, or shortened cyclic compounds, such as, for 

example,. _ 

2 r x Lpro«?hc-D-Trp-Ly^-Thr-?he^ 



(Nature 2 9?. , 19S1, page 55) or 
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of u|pp^r •|a^V^^t.e.s-ti:^3l hemorr' sgeswith 

g e t en : i : 'V ''' $ V 

■ ' ■i^^sg^§^: : of .active e-<KRp<5&fl<l to carrier material 

5 can ^a^r : 0mkm<^- ■ tW-t.-S - - Si*ce tfee £ei?t ides are 

adrairvi^W^ irr dosaf-es ^ th«- aimo*s'nt of carrier sate- 

rial in the 'fcopta^it s is ret at * v^Xy hi gh (for ex3*p-lc- 
1-00 ; 1 to '10, OS©. : 1> . 
Example 1 ' 

q 2.5 g, of PitiS. wsre moistened with s raet he-no t i c 

solution containing 2.S75 ag o-f buserelin acetate (cor- 
responding to 2.5 rag of buser-elisi) and mixed thoroughly. 
The moist jsaterial was dried in vacuo- witr shaking. The 
procedure was repeated several times with pure methanol. 
15 The dry fixture was pressed to tablets (implants) weigh- 
ing 50 sg and containing 50 us of buserelin. 
Exampl e_2 : 

2.875 rag of buserelin acetate (corresponding to 
2.5 ir.g of buserelin) wsre dissolved in 30 ml of methanol, 
20 and 2.5 g of PHB were dissolved in 70 ml of chloroforw. 
The two solutions were combined and subjected to spray- 
drying. A flaky powder was obtained, from which tablets 
weighing 5G mg and containing. 50 us of buserelin were 
pressed. 



Example . 3 : 

The pressed pieces pr$p&re<< under Example 1 or 2 
were *i er€>r«i at&dv ?*ve >: ' mti 1 1 *nfr \pa¥t fcies were divided ■ 
into p&vtUt* si^e-r-m§^ to z&mit tm ax by sieving. 
5 The f-^^^;?--^ere ^p^.n^d, f^ p^T^l^icat saline solu- 
tion cf c=&#%4?^^ i f-. a concentration 
of 5Q ■■ f ot 5 <m . 
Example -4: 

2-. 5 g of PMB vere dissolved in 25 g of chloroform. 

1Q 257 ..5 nig of l3us-erelin scetste C corresponds rig to 25G *a-g : of 
buserelin) &ere s*i speeded ir, t> i s solution. The suspen- 
sion was .poured into a Petri disk. The solvent was 
allowed to evaporate slowly- A film was formed, and 
divided into f Lakes 1 cr in size, containing about 5 n*g 

15 of bus ere I in. 
£ x e n p I e 5 : 

Biologic a I test i n g o f __J?L^ Jg—Xg-iliLbLk ^-^-13? II^-^^—E-^jL.?- 

Two i ftfp I'ant at i on materials of PH3 and a copolymer 
of lactic acid end glycolic acid (PLG) of identical 

20 weight and size which had been prepared analogously to 
Exaaiote 1 were investigated. The materials were tested 
on adult rats weighing 4 00 g, the amount of peptide 
released each dsy being determined by pharmacokinetic 
detection by means of specific radioimmunoassay. In the 

2Z case of the P H £ iraplant, a release of 0.203 + 0.038 ng of 
busereUn per day was found. In contrast, a release of 
1.075 * 0.029 ng of bussre I in/day was found for the PLG 
implant. The t ot a I ■ du r a t i on of the release of the peptid 



Was calculated f rora the ctreal St vve rate of release. It 
is 221 + <£ays for t&e FSB. isiptani and 46.5 £ 1.2 day 
for «te -'PLG- iaglaa*. Tfe* VSB implant Material is thus 
e<*asi<ten*bly ■. * t *S i * ioag-teffe re Lease of pep 

5 fci<ite's.Jb^Tv"&fe« ,c^^er o-f -tec Sic a*i<i and giycoUc 



VHf. CLAIMS DEFINING THE INVENTION ART AS FOLLOWS: 

1, An i rap L ant containing a regulatory peptide or one 

of its analogs ss the active eoi&pound and naturally 
occurring pol> - ) ~3-^y dro xybu ty r i c acid of the formula 

HO- ch;~ cn ~<cq~ ( o~ cp - ch 2 - co- } r o~ ch- ch^-cooh 

in which n represents h number between 500 and 25,030,. as 
the biologically degrad^bU carrier* 

Zu Implant as claimed in claim 1 , which contains 

buserelinC acetate) as the' active cospound. 
3„ A process for the preparation of an implant as 

claimed in claim 1, which comprises 

1 „ dissolving the active compound in a low-molecular 

alcohol which has 1 to 4 carbon atoms and is optionally 
substituted by up to " fluorine atoms ^ in water or in 
a fixture of these two solvents,, mixing the solution 
with the po Ly- D~ (~) ~3~hydro xybuty . i c acid,, drying the 
moist material and pressing the product, or 

2.. dissolving the po ly ~D <-) -3-hydro xybut y r i c acid in a 
halog^:. =>tt-d aliphatic C-j-C^-hydrccerbon,- rai xing the 
solution with solution of the active compound in a 
Low-isolecu Lar alcohol which has 1 to 4 carbon atoms and 
is optionally substituted by up to 3 fluorine atoms , 
subjecting the resulting solution to spr^y-drying and 
pressing the dried ^ a t e rial, or 

3. dissolving the poly-D (-) -3-hydroxybuty r i c acid in 



- 14 - 

a ha Loge"nated aliphatic C- ( -C^-hydrocerbon, 
suspending- the active compound in this solution,, 
pouring the suspension onto a suitable substrate, 
evaporating off the solvent an.d A i f ' appropr i a t e, 
dividing up the resulting film into pieces of suitable 
she. 

4 . The t>fOC€<;s as claimed in claifc 3 / wherein the' 

pressed piece or filsa is comminuted in a further step and 
suspended in a solvent suitable for injection purposes, 

5, The process as claimed in claim 3, wherein the 
active cosipcurid is dissolved ■ . methanol, 

6. The process as claimed \n dais 3,, wherein the 
carrier substance is dissolved in chloroform. 

DATED THIS 31st day of July, 1984 
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